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@ Diagnostic system for textile dyeing apparatus.

@ A diagnostic system checks the major hardware
components in a pattern confrol system used in a
textile dyeing apparatus. The system includes by-
pass logic circuitry which permits selective bypass-
ing of either the look-up tables, stagger memories,
or both the look-up tables and the stagger memories -
in the pattern conirol system. The diagnostic system
checks the look-up tables in the pattern control sys-
tem to assure that the address lines for the look-up
tables operate properly. A prime number pattern is
loaded into the look-up tables such that each ad-

dress location for each look-up table will have a
different piece of data. The look-up tables are then
read in address sequence and the output thereof
compared with a previously stored prime number
pattern to determine whether any errors arose. The
system further checks the firing times produced by
the gatling memory section of the pattern control
system by simulating a machine speedup and
checking for the onset of machine optimum speed
and machine overspeed.
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Field of The Invention

This invention relates to a textile dyeing ap-
paratus and, more particularly, to a diagnostic sys-
tem for the textile dyeing apparatus which detects
and isolates errors in the apparatus control system.

Background o_f I@ Invention

A known modern textile dyeing apparatus in-
cludes multiple arrays or color bars, each compris-
ing a plurality of individual, electronically addres-
sable dye jets. Each of the dye jets in a single
array outputs the same color of dye. The arrays
are positioned in spaced relation across the path of
a moving substrate.

Using such apparatus, the pattern-wise applica-
tion of dye to the textile materials or subsirates
requires a large quantity of digitally encoded pat-
tern data which must be sorted and routed to each
of the individual dye jets comprising each of the
arrays. Each of the arrays of dye jets extends
across the width of the substrate path as the sub-
strate moves under the arrays. The time period
during which the dye streams produced by the
individual dye jets in a given array are allowed to
strike the substrate are individually controlled. This
allows for shade variations to be produced from
side-to-side (and end-to-end) on the substrate by
varying the quantity of dye applied to the subsirate
along the length of a given array.

One such control system capable of providing
this capability is described in co-pending U.S.
Serial Number 327,843, entitled "DATA LOADING
AND DISTRIBUTING PROCESS AND APPARATUS
FOR CONTROL OF A PATTERNING PROCESS",
filed on March 23, 1989, the specification of which
is hereby incorporated by reference. This system
processes pattern data received from a real-time
processor through the use of specific electronic
circuitry which accepts the pattern data in the form
of a series of 8-bit units. Each of the 8-bit units or
pixel codes uniquely identifies, for each pattern
element or pixel, a pattern design element to be
associated with that pattern element or pixel.

The term "pattern element" as used herein is
intended to be analogous to the term "pixel" as
that term is used in the field of electronic imaging.
The number of different pattern design elements is
equal to the number of distinct areas of the pattern
which may be assigned a separate color.

The term "pattern line" as used herein is in-
tended to describe a continuous line of single pat-
tern elements extending across the substrate, par-
allel to the patterning arrays. Such pattern lines
have a thickness, measured in the direction of
subsirate travel, equal to the maximum permitted
amount of subsirate fravel under the patterning
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arrays between array pattern data updates.

In this control system, the pixel codes must
first be converted to "on/off" fiting instructions,
(referring to the actuation or deactuation, respec-
tively, of the individual dye streams produced by
the dye jets). This is performed by electronically
associating the "raw" pixel codes with pre-gen-
erated firing instruction data from a computer gen-
erated look-up table. The pixel codes merely define
those distinct areas of the patiern which may be
assigned a distinguishing color. Each code speci-
fies, for each pattern line, the dye jet response for
a given dye jet position on each and every array. In
this system the number of arrays equal eight;
therefore, each pixel code controls the response of
eight separate dye jets (one per array) with respect
o a single pattern line.

The pixel codes for a given array is preferably
arranged in sequence, with data for dye jets 1-N
for the first patiern line being first in he series,
followed by data for dye jets 1-N for the second
pattern line, etc. The complete serial stream of
such pixel codes is sent to a firing time converter
and memory associated with each respective array
for conversion of the pixel codes into the respec-
tive firing times.

Each firing time converter includes a look-up
table having a sufficient number of addresses so
that each possible address code forming the serial
stream of patiern data may be assigned a unique
address in the lock-up table. At each address with-
in the look-up table is a byte representing a relative
firing time or dye contact time, which, assuming an
8-bit value at the address code of interest, can be
zero cr one of 255 different discreet time values
corresponding to the relative amount of time the
dye jet in question is to remain "on". Therefore,
each specific dye jet location on each and every
array can be assigned one of 256 different firing
times.

The firing time data from the look-up table for
each array is then further processed to account for
the "stagger”, e.g., the physical spacing between
arrays, and the allocation of the individual firing
instructions for each jet in the array. The process
of sequencing the individual pattern line data to
accommodate substrate travel time or stagger be-
tween adjacent arrays is performed through the use
of array-specific Random Access Memories
{(RAMs), which are preferably of the static type. All
pattern data for a specific array is loaded into a
RAM individually associated with that array. The
pattern data is in the form of a series of bytes,
each byte specifying a desired firing time for a
single applicator or jet comprising the array. The
loading process is a coordinated one, with all jet
firing time data being loaded into the respective
RAMs at the same time and in the same relative
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order, i.e., all firing times corresponding to the first
line of the pattern for all jets in each array is
loaded in the appropriate RAM first, followed by all
data corresponding to the second pattern line, etc.
Each RAM is read using reading address offseis
which effectively delay the reading of the data a
sufficient amount of time to allow a specific area of
the substrate to "catch up" to the corresponding
pattern data for that specific area which will be sent
to the next array along the substrate path.

At this time, the series of individual firing times
expressed in byte form are transferred into a se-
quence of individual binary digit ("bit") groups.
Each group in the sequence represents the vaiue
of its corresponding respective firing time by the
relative number of binary digits of a predetermined
logic value (e.g., logical "one" = "fire") which are
sequentially "stacked" within each group. This
transformation allows the firing times, expressed in
byte form, to be expressed as a continuing se-
quence of individual firing commands (i.e., single
bits) which may be recognized by the applicators.

Finally, the individual firing instructions for each
jet in the array are loaded into a collection of First-
In First-Out Memories (FIFOs). Each array is asso-
ciated with- an individual set of FIFOs. Each FIFO
repeatedly sends its contents, one byte at a time
and strictly in the order in which the bytes were
originally loaded, to a comparator.

The value of the byte, representing a desired
elapsed firing time of a single jet along the array, is
compared with a clock value which has been initial-
ized to provide a value representing the smallest
increment of time for which control of any jet is
desired. As a result of the comparison, a firing
command in the form of a logical "one" or logical
"zero™, which signifies that the jet is to "fire" or
"not fire", respectively, is generated and is forwar-
ded to a shift register associated with the array, as
well as to a detector. After all bytes (representing
all jet locations along that array) have been sent
and compared, the contents of the shift register are
forwarded, in parallel, to the air valve assemblies
along the array by way of a latch associated with
the shift register. Thereafter, the counter value is
incremented, the same contents of the FIFO are
compared with the new counter value, and the
contents of the shift register are again forwarded, in
a parallel format and via a latch, to the air valve
assemblies in the array.

At some counter value, all elapsed firing times
read from the FIFOs will be less than or equal to
that value of the counter. When this condition ex-
ists at every array, fresh data, representing a new
pattern line, is forwarded from the RAM in re-
sponse to a transducer pulse indicating the sub-
strate has moved an amount equivalent to one
patiern line. This fresh data is loaded into the
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FIFOs and a new series of iterative comparisons is
initiated, using a re-initialized counter. This process
is repeated until all pattern lines have been pro-
cessed. if the pattern is to be repeated, the RAM
re-initiates the above procedure by sending the
first pattern line to the appropriate FIFO's.

The known control system thus includes a
large number of hardware components, i.e., look-up
tables, stagger memories, and FIFOs associated
with each color bar in the apparatus, all of which
must operate properly to insure that the source
pattern data is correctly transformed and printed on
the substrate. There is therefore needed a diagnos-
tic system which can check the major components
in the control system to determine whether it is
operating properly. Because of the extremely large
number of components to be checked, the di-
agnostic system must be able to operate quickly
and efficiently.

Summary Of The Invention

The present invention provides an efficient di-
agnostic system capable of checking the major
hardware components in the pattern conirol system
such as the look-up tables, stagger memories, and
FIFOs associated with each color bar in the ap-
paratus.

The diagnostic system includes bypass logic
circuitry which permits selective bypassing of ei-
ther the look-up tables, stagger memory, or both
the look-up tables and the stagger memories in the
pattern control system. This allows test patterns
provided by the diagnostic system to selectively
bypass certain of the control system components
{o isolate the occurrence of any errors detected.
Bypass lines around each component are fed fo
logic circuitry performing "OR" operation to enable
either the bypassed data or normal data to pass
through the logic to the rest of the system. The
same logic circuitry is utilized with respect to each
of the components. The enable signals are re-
ceived from a register which is loaded in accor-
dance with the diagnostic performed.

It is an advantage of the bypass circuitry to
allow the isolation of any component from the rest
of the system. Further, test pattern data can be
provided directly to the gatling memory thus avoid-
ing time delays inherent with the operation of the
stagger memory. In normal day to day production
operation, the bypass logic allows the checking of
dye jets and flows without having to wait for the
stagger memory to compensate for downstream
color bars.

The present invention further provides for a
diagnostic check of the look-up tables in the pai-
tern control system. The diagnostic assures that
the address lines for the look-up tables operate
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properly, i.e., the address lines are capable of
correctly specifying each unique address within
each single look-up table among a group of look-up
tables. The loock-up tables are loaded with a "prime
number patiern® which is repeated to fill up each of
the look-up tables for each of the color bars. A
"count pattern" of addresses is then input to the
look-up table from which a respective sequence of
the prime number pattern is output. The output
from the look-up tables is then compared with an
identical copy of the prime number patiern to de-
termine the coincidence of each pattern.

it is an advantage of the present invention to
use a prime number pattern to load the look-up
tables such that each address location for each
look-up table will have a different piece of data.
This ensures that any address lines causing in-
correct addressing can be determined.

The present invention also provides for a di-
agnostic check of the firing times produced by the
gatling memory section of the pattern control sys-
tem. The diagnostic system simulates a machine
speed-up, and then checks for the onset of ma-
chine "optimum speed” and machine "overspeed".
These two machine conditions indicate whether the
speed of the subsirate traveling under the dye jets
is approaching, or has exceeded, respectively, the
maximum speed at which the individual valves con-
trolling the application of dye on the substirate can
operate. The detection of these machine conditions
provides signals to the system such that the di-
agnostic is made aware of these conditions as they
occur.

It is an advantage of the firing time diagnostic
to assure that all of the hardware is operating
properly.

Details of the present invention herein, as well
as additional advantages and distinguishing fea-
tures, will be better understood with reference to
the following figures.

Brief Description Of The Drawings

" Figure 1 is a block diagram illustrating one pat-
tern contirol system environment in which the
present invention may operate;
Figure 2 is a diagramatic side elevation view of
a jet dyeing apparatus to which the present
invention is particularly well adapted;
Figure 3 is a schematic side elevation view of
the apparatus of Figure 2, showing only a single
dye jet color bar and its operative connection to
a liquid dye system as well as several electronic
subsystems associated with the apparatus;
Figure 4 is a schematic block diagram illustrat-
ing in greater detail the real-time computer and
pattern control system of Figure 1;
Figure 5 is a block diagram further disclosing
the control system of the apparatus;
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Figures 6A and 6B are diagramatic representa-
tions of the "stagger" memory disclosed in Fig-
ure 5. Figure 6A depicts a memory staie at a
time T1; Figure 6B depicts a memory state at
time T2, exactly 100 pattern lines later;
Figure 7 is block diagram describing the
"gatling” memory described in Figure 5;
Figure 8 schematically depicts the format of the
pattern data at various data processing stages
as indicated in Figures 5-7;
Figure 9 is a schematic block diagram illusirat-
ing the diagnostic bypass logic;
Figure 10 is a block diagram of the look-up
tables in Figure 4, illustrating the operation of
the LUT diagnostic;
Figure 11 is a block diagram of the FIFO regis-
ter in the gatling memory section in Figures 4
and 5;
Figures 12A-12E are timing diagrams illustrating
the operation of the FIFO diagnostic.

Detailed Description

System Overview

Referring to Figure 1, a multiprocessor pattern-
ing system 5 is shown having a host computer 12
coupled via a bus 11 {o a real-time computer 10.
Optional pattern computer 14 is further coupled to
the host computer 12 and real-time computer 10
by the bus 11. It is readily apparent that the
coupling of the pattern computer 14, host computer
12 and real-time computer 10 may be by any
means for coupling a local area network (LAN)
such as an Ethernet bus.

A pattern control system 16 is coupled via bus
26 to a jet dyeing apparatus 18. The jet dyeing
apparatus 18 is described in greater detail in Fig-
ures 2 and 3. The pattern conirol system 16 re-
ceives inputs from bus 22 and channel select lines
24 of the programmable DMA coniroller board 20.
The programmable DMA controller board 20 is part
of the real-time computer 10 and is described in
greater detail in Figure 2.

Optional pattern computer 14 may be provided
to allow a user of the system to quickly create their
own pattern design. Alternatively, pattern designs
may be pre-loaded onto magnetic or optical media
(not shown) for reading into the system. A com-
puter terminal 13 may be coupled via a suitable
connection 17, e.g., a standard RS232 cable, to the
host computer 12. The terminal 13 then serves as
the operator's interface for providing the input pa-
rameters to the host computer for each "job" of
patterns to be generated on the subsirate by jet
dyeing apparatus 18. The host computer 12 also
fetches the pattern data from he pattern computer
or other source and sets it up for processing by the
real-time computer 10. The real-time computer 10
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functions to insure that the pattern data is properly
output to the pattern control system 16 by pro-
gramming appropriately the DMA controller board
20.

ie_} Dyeing Apparatus

Figure 2 shows a jet dyeing apparatus 18 com-
prised of a set of eight individual color bars 61
positioned within frame 65. Each color bar 61 is
comprised of a plurality of dye jets, perhaps sev-
eral hundred in number, arranged in spaced align-
ment along the length of the color bar, which color
bar extends across the width of substrate 15. Sub-
strate 15, such as a textile fabric, is supplied from
roll 67 as transported through frame 65 and there-
by under each color bar 61 by conveyor 63 driven
by a motor indicated generally at 69. After being
transported under color bars 61, substrate 15 may
be passed through other dyeing-related color steps
such as drying, fixing, etc.

Referring to Figure 3, there is shown in sche-
matic form a side elevation of one color bar 61
comprising the jet dyeing apparatus 18 of Figure 2.
For each such color bar 61, a separate dye reser-
voir tank 75 supplies liquid dye under pressure by
means of pump 73 and dye supply conduit means
71, to a primary dye manifold assembly 70 of the
color bar 61. Primary manifold assembly 70 com-
municates with and supplies dye to dye sub-mani-
fold assembly 41 at suitable locations along their
respective lengths. Both manifold assembly 70 and
sub-manifold assembly 41 extend across the width
of conveyor 63 on which the substrate to be dyed
is transported. Sub-manifold assembly 41 is pro-
vided with a plurality of spaced, generally down-
wardly directed dye passage outlets positioned
across the width of conveyor 83 which produce a
plurality of parallel dye streams which are directed
onto the substrate surface to be patterned.

Positioned in alignment with and approximately
perpendicular to each dye passage outlet (not
shown) in sub-manifold assembly 41 is the outlet of
an air deflection tube 62. Each tube 62 commu-
nicates by way of an air deflection conduit 64 with
an individual electro-pneumatic valve, illustrated
collectively at "V", which valve selectively inter-
rupts the flow of air to air tube 62 in accordance
with the pattern information supplied by pattern
control system 16. Each valve is, in turn, con-
nected by an air supply conduit to a pressurized air
supply manifold 74 which is provided with pressur-
ized air by air compressor 76. Each of the valves
V, which may be, for example, of the electromag-
netic solenoid type, are individually controlled by
electrical signals received over bus 26 from the
electronic pattern control system 16. The outlets of
deflection tubes 62 direct streams of air which are
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aligned with and impinge against the continuously
flowing streams of dye flowing from downwardly
directed dye passages within sub-manifold 41 and
deflect such sireams into a primary collection
chamber or trough 80, from which liquid dye is
removed, by means of a suitable dye collection
conduit 82, to dye reservoir tank 75 for recircuia-
tion.

The pattern control system 186 receives pattern
data over bus 22 and control information over lines
24 from the multiprocessor system described in
Figure 1. The desired pattern information from con-
trol system 16 is fransmitted to the solenoid valves
of each color bar 61 at appropriate times in re-
sponse to movement of the substrate under the
color bars by conveyor 63, which movement is
detected by a suitable rotary motion sensor or
transducer means 19 operatively associated with
the conveyor 63 and connected to control system
16.

Pattern Control System

Referring to Figure 4, the real-time computer
10 is shown having memory 34 and programmable
DMA controller board 20. Pattern data is received
from the host computer 12 via the bus 11 and
stored on high speed disk 33 by way of dia-
grammatically depicted links 35 and 35A, which
typically may be comprised of an I/O bus, asso-
ciated bus interface units, and an appropriate net-
work interface unit, not shown. As appropriate, data
is moved from high speed disk 33 into memory 34,
via link 35, for access by DMA controller 20 via bus
36.

The programmable DMA controller board 20 is
shown comprising a programmable DMA processor
32, FIFO buffer 28 and 3-bit latch 30. The program-
mable DMA processor 32 couples with bus 36 via
line 38 and with FIFO buffer 28 via line 37. Further,
the 3-bit laich 30 is coupled to the bus 36 via line
39. It should be understood that Figure 4 shows
only a simplified diagrammatically depicted version
of the programmable DMA controller board 20. A
more complete and accurate description of the
controller board 20 can be found by consulting the
specifications thereof; for example, the controller
board 20 may be of the type produced by Digital
Equipment Corporation as Model DRQ3B or may
be the Intel 82258 DMA chip used in conjunction
with a host computer card such as the Intel 286/12
Board.

Pattern numbers chosen by the operator using
terminal 13 are entered via line 17, into host com-
puter 12 (Figure 1). Computer 12 loads pattern
data from, e.g., pattern computer 14, onto high
speed disk 33, and then sends data messages to
real-time computer 10. Computer 10, on receipt of
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such messages, loads the requested pattern data
from high speed disk 33 into memory 34. When
requested by means of an interrupt, as by the
occurrence of a transducer pulse indicating a pre-
determined length of subsirate has passed under
the patterning jets, the real-time computer 10 com-
mands the DMA controller 20 to initiate the transfer
of the appropriate paitern data stored in memory
34 to the pattern control system 16, via FIFO buffer
28.

A first-in-first-out (FIFO) buffer 28 stores words
(16-bits) of pattern data in each buffer location. The
pattern data stored in FIFO buffer 28 is then output
to the paitern conirol system 16 along the high-
speed (e.g., 2.6 megabytes/second) data bus 22.
The FIFO buffer 28 serves as an interface between
the rate at which data is placed into the FIFO buffer
28 by DMA processor 32 and the rate at which
data is ouiput to the pattern control sysiem 16. If
the pattern conirol system 16 operates at a rate
equal to or greater than that of the real-time pro-
cessor 10, FIFO buffer 28 would not be needed to
perform such interface function.

The DMA processor 32 also functions to re-
quest memory 34 to provide inputs via line 39 to
the 3-bit latch 30 as real-time computer 10 com-
mands it to do so. The laich 30 provides a paralle!
output on the three channel select lines 24 {o the
pattern control system 16.

The demultiplexer 42 receives the channel se-
lect lines 24 and provides one of eight outputs
depending upon the state of the channel select
lines 24. The demultiplexer 42 may be any suitable
conventional 3-to-8 type demultiplexer.

A portion of the patiern conirol system 16 is
shown in Figure 4 having a 3:8 demultiplexer 42, a
series of 16-bit registers, and a 16-t0-8 bit data
multiplexer 40. Multiplexer 40 receives the 16-bit
words (when either the pattern data select line 34
or the LUT load data select line 47 is selected by
the channel select lines 24, through demultiplexer
42) over data bus 22 from the FIFO buffer 28 in the
programmable DMA coniroller board 20. The 16-bit
multiplexer 40 then provides single byte (8 bif)
write outputs over 8-bit bus 44. Therefore, the data
multiplexer 40 serves to convert each 16-bit par-
allel word into a sequence of two bytes over 8-bit
parallel bus 44 for pattern data or LUT load data.
The bus 44 is further coupled in parallel with an
array of N firing time converiers (numbered 1
through N), each firing time converter correspond-
ing to one of N arrays of individual dye jets. Each
firing time converter 1 through N includes a piural-
ity of look-up tables (LUT arrays 1 through N)
addressed by the contents of the LUT select regis-
ter 46 which provides the upper address lines o
each firing time converter array. Each firing time
convertor array may be thought of as a simple,
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high speed static memory having address lines,
data-in lines, data-out lines, and read and write
control lines.

The other four 16-bit registers, LUT SELECT
REG 46, SIM DIV 84, TXDCR DIV 86 and MODE
REG 88, can be loaded by selecting the appro-
priate register with the channel select lines and
providing the desired value on 16-bit bus 22.

One of the four 18-bit regisers loaded by bus
22 is the MODE REGISTER 88. Each of the bits in
the mode register specifies a type of operation for
the control system. The value loaded into the mode
register 88 enables the diagnostic checks per-
formed by the system and described below.

Also shown in Figure 4 is the bypass logic
circuitry 7 associated with the LUT's and stagger
memories for each color bar. This bypass circuitry
receives signals generated from the MODE register
88 to activate the circuitry in accordance with the
system sofiware insiructions from the real-time
computer 10. The bypass circuitry is fully de-
scribed below with respect to the diagnostic func-
tions performed by the system.

Look-up Tables

Another of the four 16-bit registers loaded by
bus 22 is the look-up table (LUT) select register 46.
Nine bits from the LUT select register provide the
upper nine address lines to each LUT array (1
through N), thus providing 512 LUTs for each re-
spective array. For purposes of discussion, this
embodiment is assumed to include 8 color bars
(N=8) and, as mentioned above, 512 LUTs per
color bar, however, it is understood that different
numbers of color bars and LUTs may be used.
Each look-up table has a sufficient number of ad-
dresses so that each possible address code for-
ming the serial stream of pixel codes may be
assigned a unique address in each of the look-up
tables. At each address within the look-up table is a
byte representing a relative firing time or dye con-
fact time. Assuming an 8 bit address code used to
form the raw pixel codes, the firing time can be
zero or one of 255 different discrete time values
corresponding to the relative amount of time the
dye jet in question is to remain "on". Accordingly,
for each 8 bit byte of pixel data, one of 256
different firing times (including a firing time of zero)
is defined for each specific jet location on each and
every color bar 1-N. Jet ideniity within a given
array is determined by the relative position of the
address code within the serial stream of pixel
codes and by the information pre-loaded into the
look-up table, which information specifies in which
arrays a given jet position fires, and for what length
of time.

The 8-bit bus 44 from Data MUX 40 is con-
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nected in parallel to the data inputs of the firing
time converters. It is also connected to the input of
MUX 48. Connected to the other input of MUX 48
is AUTO address generator 50. Depending on the
state of channel select lines 24, one or the other of
these inputs can be connected to the lower ad-
dress lines of each LUT array. To load an array
with firing time conversion data, select lines 24
activate the LUT load data select line 47. This
"enables” DATA MUX 40, as well as connects
AUTO address generator 50 through MUX 48 to
the lower address lines of each LUT array in se-
quence, and provides a sequential "write enable”
through sequence 52 o each LUT array such that
all data though DATA MUX 40 sequentially loads
the specific LUT within each LUT array selected by
LUT select register 46 for each LUT array. (The
first 256 bytes on bus 44 are loaded into LUT array
1; the second 256 bytes are loaded into LUT array
2, eic.) To output pattern data through the LUT's,
select lines 24 activates the pattern data select line
45, which "enables" DATA MUX 40, routes data on
bus 44 through MUX 48 to the lower address lines
of each LUT array, and provides a "read enable”
signal to each LUT array such that data from bus
44 selects the appropriate contents (i.e., firing time)
of each LUT selected by the LUT select register
46. This firing time is output on its respective data
out bus 55 to each stagger memory array 56.
Thus, depending upon the output from channel
select lines 24 of the programmable DNA controller
20, the enabling of one of the eight possible output
lines from demultiplexer 42 directs where data from
BUS 22 will go (i.e., to one of the 18 bit registers,
or through MUX 48 to the data inputs of the LUT
arrays, or channeled through MUX 48 fo the lower
address lines of each LUT array).

Stagger Memories

The firing time information from the LUT arrays
comprising firing time converters 1-N is supplied to
a respective stagger memory 56 for each of the
LUT arrays 1-N. The stagger memories 56 1-N
function to compensate for the time necessary for
the substrate to be patterned to travel from color
bar to color bar due to the physical spacing be-
tween the color bars in the jet dyeing apparatus.
The stagger memory 56 operates on the firing time
data produced by LUT arrays 54 and performs two
principal functions: (1) the serial data stream from
the LUT array, representing firing times, is grouped
and allocated to the appropriate color bars on the
patterning machine and (2) "non-operative” data is
added to the respective pattern data for each array
to inhibit, at start up and for a pre-determined
interval which is specific to that particular color bar,
the reading of the pattern data in order to com-
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pensate for the elapsed time during which the
specific portion of the substrate to be patterned
with that paftern data is moving from color bar to
color bar.

Gatling Memories

The stagger memories 56 provide their output
to a "gatling" memory module 58 for each color
bar. The gatling memory 58 performs two principle
functions: (1) the serial stream of encoded firing
times is converted fo individual strings of logical
(i.e., "on" or "off") firing commands, the length of
each respective "on" string reflecting the value of
the corresponding encoded firing time, and (2)
these commands are quickly and efficiently al-
located to the appropriate dye jets. Thus, the gat-
ling memory arrays serve to distribute the encoded
firing times fo the appropriate jets for each dye jet
color bar such that the desired pattern is produced
on the substrate moving under the dye jet color
bars. The precise operation of the control system is
given below with respect to Figures 5-8.

Pattern Control System Operation

Referring to Figure 5, the conirol system es-
sentially comprises three separate data storage
and allocation systems (a firing time converter,
which incorporates the LUT memory, the "stagger"
memory, and the "gatling” memory) operating in a
serial sequence. These systems are schematically
depicted in Figure 5. Figure 8 schematically de-
picts representative data formais at the process
stages indicated in Figure 5. Each color bar is
associated with a respective firing time converter
and "stagger" memory, followed by a separate
"gatling"” memory, arranged in tandem. Each of
these major elements will be discussed in turn.

As shown in Figure 5, the raw pixel codes are
sent as prompted by the "start pattern cycle" pulse
received from the substraie motion sensor. This
sensor merely generaies a pulse each time the
substrate conveyor moves the subsiraie a pre-
determined liner distance (e.g., one-tenth inch)
along the path under the patterning color bars. The
same "start pattern cycle” pulse is simultaneously
sent to each color bar, for reasons which will be
explained below.

The raw pixel codes are preferably arranged in
strict sequence, with data for applicators 1-480 for
the first pattern line being first in the series, fol-
lowed by data for applicators 1-480 for the second
pattern line, efc., as depicted by Data Format B1 of
Figure 8. The complete serial stream of such pixel
codes is sent, in identical form and without any
color bar-specific allocation, to a firing time
converter/memory associated with each respective
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color bar for conversion of the pixel codes into
firing times. This stream of pixel codes preferably
comprises a sufficient number of codes to provide
an individual code for each dye jet position across
the substrate for each pattern line in the overall
pattern. Assuming eight color bars of 480 applica-
tors each, a pattern line of 0.1 inch in widih
(measured along the subsirate path), this would
require a raw pattern data stream comprised of
288,000 separate codes.

Comprising each firing time converier are the
look-up tables described above. The LUT result is
sent, in Data Format B2 (see Figure 8), to the
"stagger" memory associated with the given color
bar. At this point, no attempt has been made to
compensate for the physical spacing between color
bars or to group and hold the data for sending to
the actual air valves associated with each dye jet.

Compensation for the physical spacing be-
tween color bars may be best explained with refer-
ence to Figures BA and 6B, which functionaily
describe the individual stagger memories for var-
ious color bars in greater detail.

The "stagger" memory operates as follows.
The firing time data is sent to an individual random
access memory (RAM) associated with each of the
eight color bars. Although either static or dynamic
RAM's may be used, static RAM's have been
found to be preferred because of increased speed.
At each color bar, the data is written to the RAM in
the order in which it was sent from the look-up
table, thereby preserving the jet and color bar
identity of the individual firing times. Each RAM
preferably has sufficient capacity to hold firing time
information for the total number of patterns lines
extending from the first to the eighth color bar
(assumed fo be seven hundred for purposes of
discussion) for each jet in its respective color bar.
In the discussion which follows, it may be helpful to
consider the seven hundred pattern lines as being
arranged in seven groups of one hundred pattern
lines each (to correspond with the assumed inter-
color bar spacing).

The RAM's are both written to and read from in
a unidirectional repeating cycle, with all "read”
pointers being collectively initialized and "lock-
stepped” so that corresponding address locations
in all RAM's for all color bars are read simulta-
neously. Associated with each RAM is a predeter-
mined offset value which represents the number of
sequential memory address values separating the
"write" pointer used io insert the data into the
memory addresses and the "read" pointer used to
read the data from the RAM address, thereby
"staggering” in time the respective read and write
operations for a given memory address.

As depicted on the left hand side of Figure 6A,
the RAM offset value for the first array is zero, i.e.,
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the "read pattern data" operation is initiated at the
same memory address as the "write pattern data”
operation, with no offset. The offset for the second
color bar, however, is shown as being one hundred,
which number is equal o the number of pattern
lines or pattern cycles (as well as the correspond-
ing number of read or write cycles) needed to span
the distance physically separating the first color bar
from the second color bar, as measured along the
path of the substrate in units of pattern lines. As
depicted, the "read pattern" pointer, initialized at
the first memory address location, is found one
hundred address locations "above" or "earlier"
than the "write" pointer. Accordingly, beginning the
"read" operation at a memory address location
which lags the "write" operation by one hundred
consecutive locations effectively delays the reading
of the wriiten data by one hundred pattern cycles
to correspond to--and compensate for--the physical
spacing between the first and second color bars.
To avoid using "dummy” data for the "read” op-
eration until the "read" pointer catches up with the
first address written to by the "write" pointer, a
"read inhibit" procedure may be used. Such proce-
dure would only be necessary at the beginning and
end of a pattern. Alternatively, data representing
zero firing time can be loaded into the RAM's in
the appropriate address location so that the "read”
operation, although enabled, reads data which dis-
ables the jets during such times.

The right hand side of Figure 6A depicts the
stagger memory for the eighth color bar. As with all
other color bars, the "read" pointer has been initial-
ized to the first memory address in the RAM. The
"write" pointer, shown at its initialized memory
address location, leads the "read" pointer by an
address difference equivalent to seven hundred
pattern lines (assuming seven intervening color
bars and a uniform inter-color bar spacing of one
hundred pattern lines).

Figure 6B depicts the stagger memories of
Figures 6A exactly one hundred patiern cycles
later, i.e., after the data for one hundred pattern
lines have been read. The "read" and "write"”
pointers associated with color bar 1 are still fo-
gether, but have moved "down" one hundred
memory address locations and are now reading
and writing the firing time data associated with the
first line of the second group of one hundred pat-
tern lines in the RAM.

The "read" and "write" pointers associated
with color 2 are still separated by an offset cor-
responding to the physical spacing between color
bar 1 and color bar 2, as measured in units of
pattern lines. Looking at the pointers associated
with color bar 8, the "read" pointer is positioned to
read the first line of firing time data from the
second group of one hundred pattern lines, while
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the "write" pointer is positioned to write new firing
time data into RAM addresses which will be read
only after the existing seven hundred pattern lines
in the RAM are read. It is therefore apparent the
"read" pointer is specifying firing time data which
was written seven hundred pattern cycles previous-
ly.

The storage registers associated with each col-
or bar's stagger memory store the firing time data
for the paitern line io be dyed by that respective
color bar in that pattern cycle until prompted by a
pulse from the substrate transducer indicating the
substrate has traveled a distance equal to the width
of one pattern line. At that time, the firing time
data, in Data Format B3 (see Figure 8), is sent to
the "gatling” memory for processing as indicated
below, and firing time data for the next pattern line
is forwarded to the stagger memory for processing
as described above.

Associated with each color bar is a set of
dedicated first in-first out memory modules (each
of which will be hereinafter referred to as a
"FIFO™. An essential characteristic of the FIFO is
that data is read out of the FIFO in precisely the
same order or sequence in which the data was
written into the FIFO. The set of FIFO modules
must have a collective capacity sufficient to store
one byte (i.e., eight bits, equal to the size of the
address codes comprising the original pattern data)
of data for each of the four hundred eighty divert-
ing air valves in the array. For purposes of explana-
tion, it will be assumed that each of the two FIFO's
shown can accommodate two hundred forty bytes
of data.

Each FIFO has its input connected to the se-
quential loader and its output connected to an
individual comparator. A counter is configured to
send an eight bit incrementing count o each of the
comparators in response to a pulse from a
"gatling" clock. The "gatling" clock is aiso con-
nected to each FIFO, and can thus synchronize the
initiation of operations involving both the FIFO's
and the respective comparators associated with
each FIFQ. If the smallest increment of time on
which "firing time" is based is o be different from
color bar to color bar, independent clocks and
counters may be associated with each such color
bar. Preferably, the output from each comparator
may be operably connected to a respective shift
register/laich combination, which serves to store
temporarily the comparator output data before it is
sent to the respective color bar, as described in
more detail below. Each comparator output is also
directed to a common detector, the function of
which shall be discussed below. As indicated in
Figure 8, a reset pulse from the detector is sent to
both the "gatling” clock and the counter at the
conclusion of each pattern cycle, as will be ex-
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plained below.

In response to the transducer pulse, the re-
spective stagger memories for each color bar are
read in sequence and the data is fed to an color
bar-specific sequential loader, as depicted in Fig-
ure 8. The sequential loader sends the first group
of two hundred forty bytes of data received to a
first FIFO and the second group of two hundred
forty bytes of data to a second FIFQ. Similar oper-
ations are performed simultaneously at other se-
quential loaders associated with other color bars.
Each byte represents a relative firing time or dye
contact time (or, more accurately, an elapsed di-
verting air stream interruption time) for an individ-
ual jet in the color bar. After each of the FIFQ's for
each color bar are loaded, they are simultaneously
sent a series of pulses from the "gatling” clock,
each pulse prompting each FIFO to send a byte of
data (comprised of eight bits) in the same se-
qguence in which the bytes were sent to the FIFO
by the sequential loader, to its respective individual
comparator. This FIFO "firing time" data byte is
one of two separate inputs received by the com-
parator, the second input being a byte sent from a
single counter common to all FIFOs associated
with every color bar. This common counter byte is
sent in response to the same gatling clock pulse
which prompted the FIFO data, and serves as a
clock for measuring elapsed time from the onset of
the dye stream siriking the substrate for this pat-
tern cycle. At each puise from the gatling clock, a
new byte of data is released from each FIFO and
sent to its respective comparator.

At each comparator, the eight bit "elapsed
time" counter value is compared with the value of
the eight bit "firing time" byte sent by the FIFO.
The result of this comparison is a single "fire/no
fire command” bit sent to the shift register as well
as the detector. If the FIFO value is greater than
the counter value, indicating the desired firing time
as specified by the pattern data is greater than the
elapsed firing time as specified by the counter, the
comparator output bit is a logical "one" (interpreted
by the array applicators as a "fire" command).
Otherwise, the comparator output bit is a logical
"zero" (interpreted by the array applicators as a
"no fire" or "cease fire”" command). At the next
gatling clock pulse, the next byte of firing time data
in each FIFO (corresponding fo the next individual
jet along the array) is sent to the respective com-
parator, where it is compared with the same coun-
ter value. Each comparator compares the value of
the firing time data forwarded by its respective
FIFO to the value of the counter and generates a
"fire/no fire" command in the form of a logical one
or logical zero, as appropriate, for transmission fo
the shift register and the detector.

This process is repeated until all two hundred
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forty "firing time" bytes have been read from the
FIFO's and have been compared with the "elapsed
firing time" value indicated by the counter. At this
time the shift register, which now contains a serial
string of two hundred forty logical ones and zeros
corresponding to individual firing commands, for-
wards these firing commands in parallel format to a
latch. The laich serves to transfer, in paraliel, the
firing commands from the shift register to the in-
dividual air valves associated with the color bar dye
applicators at the same time the shift register ac-
cepts a fresh set of two hundred forty firing com-
mands for subsequent forwarding to the laich. Each
time the shift register forwards its contents to the
latch (in response to a clock pulse), the counter
value is incremented. Following this transfer, the
counter value is incremented by one time unit and
the process is repeated, with all two hundred forty
bytes of "firing time" data in each FIFO being
reexamined and transformed into two hundred forty
single bit "fire/no fire" commands, in sequence, by
the comparator using the newly incremented value
of "elapsed time" supplied by the counter.

The above process, involving the sequentiai
comparison of each FIFO's entire capacity of firing
time data with each incremented "elapsed time"
value generated by the counter, is repeated until
the detector determines that all comparator outputs
for that color bar are a logical "zero". This in-
dicates that, for all jets in the color bar, no desired
firing time (represented by the FIFO values) for any
jet in the color bar exceeds the elapsed time then
indicated by the counter. When this condition is
sensed by the comparator, it indicates that, for that
pattern and that color bar, all required patterning
has occurred. Accordingly, the detector sends
"reset" puises to both the counter and to the
gatling clock. The gatling module then waits for the
next substrate transducer pulse to prompt the
transmission and loading of firing time data for the
next pattern line by the sequential loader into the
FIFO's, and the reiterative reading/comparing pro-
cess is repeated as described above.

Diagnostics
Bypass Circuitry

Referring to Figure 9, there is shown in greater
detail a schematic block diagram of the bypass
logic 7 shown generally in Figure 4. Figure 9
shows the associated bypass logic for one of the
color bars in the jet dyeing apparatus 18. It should
be understood that the same bypass logic is re-
quired for each of the color bars in the apparatus.

The bypass logic circuitry 7 permits selective
bypassing of either the look-up tables 54, stagger
memory 56 or both the look-up tables 54 and
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stagger memories 56. This allows test patterns
input over the DATA IN line 44 during a diagnostic
check of the system to selectively bypass certain
of the components in the control system to isolate
the occurence of any errors detected.

A first bypass line 81 couples 8-bit pattern data
from line 44 into a bus driver 90. Coupled after and
receiving the output from the look-up table 54 is
another bus driver 92 which provides its output to
the stagger memory 56. Bus drivers 90 and 92
have their outputs coupled in parallel and fed to the
input of stagger memory 56. Bus drivers 90 and 92
further receive enabling signals via the mode regis-
ter 88.

Similar bypass circuitry is utilized with stagger
memory 56 including bus drivers 94 and 96 and
bypass line 85.

Under normal operation, the conirol system for
each color bar operates as described above with
bus drivers 92 and 96 permitting the respective
pattern data to flow through each driver. During
diagnostic operation, the test pattern supplied over
DATA IN line 44 is permitted to pass through each
of the components 54, 56 and 58 and the in-line
bus drivers 92 and 96. However, when an error is
detected, it may be necessary to isolate which
component, e.g., look-up table 54 or stagger mem-
ory 56 that caused the error. When attempting to
isolate an error, the mode register 88 enables one
or both of the bypass lines 81 or 85 depending
upon the 16 bits of data loaded into the mode
register 88 from the real-time computer 10.

In a prefered embodiment, each of the 16 bits
loaded into mode regsiter 88 designates a particu-
lar mode or functionning of the pattern control
system 16. Thus, when the system sofware operat-
ing on the real-time computer 10 initiates a bypass
of one or both of the conirol system components,
the mode register 88 receives the 16-bit data hav-
ing particular bits set. A signal is then sent from
the mode register 88 to enable the bypass se-
lected.

In isolation operation, the mode register 88
provides a signal which enables the bypass bus
driver and disables the driver coupled in series
between a component to be bypassed and the next
component o receive the pattern data. For exam-
ple, if the look-up tables 54 are to be bypassed,
then the signal from the mode register 88 disables
bus driver 92 and enables bus driver 90. Thus, the
data provided on line 44 flows through bypass line
81, bus driver 90 and is input info the stagger
memory 56. A similar operation occurs for bypass-
ing the stagger memory 56 by enabling bus driver
94 and disabling bus driver 96. Likewise, to bypass
both the look-up tables 54 and stagger memory 56,
bus drivers 90 and 94 are enabled via a signal from
the mode register 88 and bus drivers 92 and 96
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are disabled.

A unigue advantage of the bypass feature is
that it allows the test pattern data to be input
directly to the gatling memory 58 thus avoiding the
time delays inherent with the operation of the stag-
ger memory 56 as described above. The diagnos-
tic check being performed can therefore be per-
formed more efficiently than if the test had to wait
for the stagger memory 56 to compensate for the
downstream color bars. In normal day to day pro-
duction operation, this technique allows the check-
ing of jets and flows without having to wait for the
stagger memory to compensate for the down-
stream color bars.

LUT Diagnostics

Referring to Figure 10, there is shown a block
diagram of the look-up tables 54 associated with a
single color bar as described with respect to Figure
4. It should be understood the same number of
look-up tables are associated with each and every
color bar in the jet dyeing apparatus.

Figure 10 shows look-up tables 1 through 512
associated with color bar 1. The look-up tables
receive input data over line 44 and ouiput firing
time data over lines 103-105. As described above,
it is apparent that only one of the 512 look-up
tables are used for each pattern and hence only
one firing time output line 103-105 will be in use at
any given time. The look-up table which is used for
the pattern is selected by the look-up table select
register 46 shown and described above with re-
spect to Figure 4.

During a diagnostic check of the look-up fa-
bles, it is necessary to assure that the address
lines operate properly, i.e., the address lines are
capable of correctly specifying each unique ad-
dress within each single look-up table among a
group of look-up tables. To perform this check, the
system software operating on the real-time com-
puter 10 outputs look-up table loading data in a
"prime number pattern™. In a preferred embodi-
ment, the prime number pattern is selected to be
the largest prime number less than the number of

the addresses in each of the look-up tables. Hence, -

in our example, assuming each of the 512 look-up
tables include 256 addresses, the prime number
pattern uses the prime number 251. The system
software generates a loading pattern having 251
different pieces of data. This pattern is repeated to
fill up each of the lock-up tables for each of the
color bars.

As shown in Figure 10, lock-up table 1 is
loaded with data 0-250 in its first 250 addresses
and loaded with data 0 through 4 in addresses 251-
255. Continuing, look-up table 2 is loaded with data
5-250 in addresses 0-245 and with data 0-8 in
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addresses 246-255. The system continues to load
all available addresses in each of the 512 look-up
tables in sequence with the same prime number
pattern stream from the real-time computer 10, i.e.,
look-up table 1 is loaded in address 0-250 and then
is loaded with the same repeating sequence data in
locations 251-255, with the remaining portion of the
251 address-length prime number pattern stream
being loaded into location 0-245 of the second
look-up table, etc.

Accordingly, upon inputting (i.e., selecting an
address within the look-up table) a "count pattern™,
i.e., the sequence of binary numbers 0,1,2, . . .
255, the output of the look-up table is the respec-
tive sequence of 0,1,2, . . . 251, 0,1,2,3,4. While a
"prime number pattern” is preferred, it is believed
that any positive non-zero integer that is not a
integral power of two (and can be accommodated
within the memory) can be used in this diagnostic
check.

Once all of the look-up tables have been
preloaded, then the system reads each address of
the look-up tables (as discused in connection with
Figure 4, above) and forwards the firing time data
over lines 103-105 to comparator 102. This is ac-
complished by real time computer 10, by first
selecting look-up table 1 and outputting to that LUT
the count pattern over bus 44, then selecting, in
turn, look-up tables 2,3, etc. and outputting to those
respective look-up tables the same count pattern.
At the same time, the system enables an erasable
programmable read only memory (EPROM) by set-
ting the appropriate bits on mode register 88. The
EPROM has stored thereon the same prime num-
ber pattern as was loaded into the look-up tables,
as described above. Each byte of pattern data
output by the computer 10 on bus 44, via bus 22,
and multiplexed by multiplexer 48, is placed on the
lower address lines of the selected look-up table.
The LUT in turn outputs its contents to comparator
102, via the various lines 103-105. At the same
time, EPROM 100 oufputs the correspondingly
numbered byte to comparator 102. The comparator
102 may be of any conventional 8-bit type of
comparator such as those produced by Signetics
Corporation. The resulting oufput from the com-
parator 102 on line 106 reflects the coincidence of
the two inputs and therefore confirms the lack of
any errors in the contents of the look-up tables. It
can be readily understood that by using a prime
number pattern to load the look-up tables, each
address location for each look-up table will have a
different piece of data. This insures that any ad-
dress lines causing incorrect addressing (e.g., elec-
trically shorted or open) can be determined.

Firing Time Diagnostic




21 EP 0 444 794 A2 22

Referring back to the gatling memory shown in
Figure 7, it is often necessary to test for proper
operation of each of the FIFOs by insuring that
each bit in the FIFO can produce a unique firing
time.

Figure 11 shows one of the FIFOs used in the
gatling memory 58. The FIFO is preferably at least
a 240x8 bit FIFO which receives 240 bytes from
the sequential loader (Figure 7). Each byte stored
in the FIFO represents an increment of time as
determined by the gatling clock described above
with respect to Figure 7. The output from the FIFO
eventually is sent as a serial stream of logical ones
or zeros to the dye jet valve in the color bar.

Each bit in the FIFO is checked by the di-
agnostic system controlled by real-time computer
10. The diagnostic system simulates a speed-up of
the jet dyeing apparaius conveyor operation (by
changing the contents of the simulate divisor regis-
ter 84 of Figure 4) and then checks for the onset of
machine "optimum speed" and machine "over-
speed": These speeds are based upon the re-
quested firing time and the operating limitations of
the dye jet and will more fully be described with
respect to Figures 11 and 12.

Figure 12A is a timing diagram showing the
firing time for a single dye jet in one of the color
bars with respect to the conveyor operating speed.
Two complete cycles of operation are shown in
Figure 12A wherein the dye jet has a firing time,
FT, equal to 4 ms and the substrate has a travel
time of 10 milliseconds (MS) per pattern line. An
additional "analog” time period of .7 ms is shown
appended to the firing time of 4 ms of Figure 12.
This analog time represents the valve actuation or
response time, i.e., the time period necessary to
physically open or close the dye jet valve. It should
be understood that .7 ms is only an example and
that the analog time period may be greater or
lesser depending upon the sophistication of the
valve technology. The further shaded area adjacent
to the analog time period represents a preferred
operating area in which the next cycle of operation
should begin. This preferred area is representing a
duration of .3 ms. Again, the determination of the
preferred area time period is arbitrarily based upon
the efficiency required from the apparatus.

As shown in Figures 12B-12E, when the con-
veyor operating speed is increased, the beginning
of the next cycle of operation moves closer o the
preferred operating area. Further increases in con-
veyor speed eventually brings the next cycle into
the analog time period area. Figure 12B shows that
with an increased subsirate travel time of 5 ms per
pattern line (as opposed to the 10 ms speed in Fig.
12A), the beginning of the next cycle occurs im-
mediatly following the preferred operating area.
Figure 12C shows the next cycle beginning in the
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preferred operating area with a machine speed of
4.9 ms per pattern line. The 4.9 ms per pattern line
machine speed would therefore be within the
"optimum speed” range. Likewise, Figure 12D
shows that a machine speed of 4.8 ms per pattern
line is also within the optimum speed range. Figure
12E, however, shows the next cycle of operation
beginning within the analog time period. Because
of valve actuation or response time limitations, the
accuracy of the subsequent cycles’ firing time can-
not be guaranteed. Thus, the 4.4 ms per pattern
line machine speed shown in Figure 12E is defined
as machine "overspeed”.

It should be noted that by knowing the firing
time, analog time, and preferred area time, the
optimum speed and overspeed for the machine
can be determined. By summing the firing time
and the analog time period, the reciprocal thereof
determines the machine speed in pattern lines per
second. The conirol system detects when optimum
speed and overspeed occurs and generates signals
indicating when the machine is operating at these
speeds. These signals are fed into real-time com-
puter 10 such that the real-time diagnostic software
is made aware of these conditions as they occur.

Referring back to Figure 11, each of the FIFOs
in the gatling memories (Figure 7) can be tested by
individually setting each bit in a selected location in
the FIFO and simulating the occurrence of opti-
mum speed and overspeed through the use of the
control system.

The diagnostic for the FIFOs operates through
the software in the real-time computer 10 (Figure 4)
which controls the simulator divider 84. This regis-
ter is used to simulate movement of the conveyor.
The simulator divider 84 may be of the oscillator-
type wherein the 16-bits received over line 22 from
the real-time computer determines an oscillating
frequency. The oscillating frequency simulates
transducer pulses indicating substrate travel.

An example of the diagnostic operation, as-
suming the gatling clock is set t0 provide .2 ms
increments, is given with reference to Figures 11
and 12 A-12E. The FIFO output from location 4
provides an 8-bit value having only a single bit set
for testing purposes. This byte, "00001000", repre-
sents in binary form the decimal numeral "8"
which, when multiplied by the gatling clock time
period of .2 ms, resulis in a firing time of 4 ms as
shown in Figures 12A-12E. Assuming a .7 ms
analog time period and a .3 ms "preferred area”,
the system software can determine the onset of
overspeed from the following equation.

Onset of Optimum Speed

= 4.0 ms/pattern line +0.7 ms +0.3 ms/pattern line
= 5.0 ms/pattern line

Onset of Overspeed
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= 4.0ms+0.7 ms
= 4.7 ms/pattern line
Overspeed > Onset of Overspeed
Onset of Overspeed > Optimum Speed > Onset of
Optimum Speed

Overspeed will thus occur if the conveyor op-
erates at a speed greater than 4.7 ms per pattern
line (onset of overspeed). The system thus op-
erates the simulator divider 84 to simulate an in-
creased conveyor speed up o 4.7 ms per paitern
fine. As the conveyor speed approaches the 4.7 ms
per pattern line speed, a signal is generated in-
dicating that the optimum speed range has been
reached. Once the simulated conveyor speed
equals or becomes greater than 4.7 ms per pattern
line, an overspeed signal occurs. In this manner, by
individually setting each bit in the FIFO (Figure 11),
the system can determine whether the bit was
properly set by checking whether the onset of
optimum speed and the onset of overspeed occur
at the proper machine speed.

In a preferred embodiment, each FIFO is ac-
tually a set of two FIFOs, mounted in paired rela-
tion so that, while data is being read from one FIFO
set, data may be written to the second member of
the pair. The system software checks four machine
speeds for each FIFO paired set across the width
of the color bar. The system software also checks
each individual FIFO in each paired set, for each
color bar, using eight different firing times (which
checks each bit). The system software outputs one
firing time per line of data {the rest of the line
contains zeros) on every other line so that only one
FIFQ of each FIFQ set is checked at a time. While
outputting this line (done every other line), the
software begins to increase the simulated machine
speed. First the software sets the simulated ma-
chine speed to just below the speed required to
produce "optimum speed" and verifies that the
"optimum speed" condition does not occur. The
software then increases the simulated machine
speed to just above the speed required to produce
"optimum speed" and verifies that the "optimum
speed” condition occurs. The software then in-
creases the simulated machine speed to just below
the threshold of the “"overspeed” condition, and
verifies that only the "optimum speed" condition is
occurring. The simulated machine speed is then
increased to the onset of the "overspeed" con-
dition; this condition is verified. The software then
proceeds to check the other side of the gatling
RAM pair (fo check the other side of the FIFO set),
then goes fo the next gatling RAM pair (across the
width of the color bar), then proceeds to the next
color bar, etc. until all gatling RAM's have been
checked. 1t has been found that the firing time
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diagnostic dramatically increases assurances that
all the hardware is operating properly.

Claims

1. A diagnostic circuit for a pattern conirol sys-
tem used in a textile dyeing apparatus, com-
prising:

a) at least one component forming part of
the control system; said component receiv-
ing input information over an input bus and
providing output information over an ouiput
bus;

b) a bypass selection circuit coupled to the
input bus and the output bus;

c) a bypass selector coupled to the selec-
tion circuit and receiving selection data
units for determining whether the input in-
formation or the output information from the
component is to be provided to the remain-
der of the control system.

2. A diagnostic circuit according to claim 1
wherein the bypass selection circuit comprises:

a first driver, having a first enable port and
a first output port, said first driver coupled in
serial with the output bus of the component;

a second driver, having a second enable
port and a second output port, coupled in
parallel with the component and first driver,
said second driver receiving the input informa-
tion from the input bus and having its second
output port coupled in parallel with the first
output port of the first driver; and

wherein the bypass selector provides a
first signal to the first enable port and a second
signal to the second enable port to selectively
enable one or the other of said first and sec-
ond drivers in accordance with a value of the
selection data unit.

3. A diagnostic circuit according to claim 2

wherein the bypass selector further comprises:

a register which stores the selection data

unit and powers said first or second signals in
accordance with the selection data unit value.

4. A diagnostic circuit according to claim 2,
whersin the pattern confrol system includes
two components, each of said components
having a bypass selection circuit operatively
associated therewith, to enable the selective
bypassing of one or the other, or both, of said
two components.

5. A diagnostic method for checking a plurality of
address lines associated with each of a pluar-
lity of look-up tables in a pattern control sys-
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tem used in a textile dyeing apparatus, the

method comprising the steps of:
a) determining the number of said plurality
of address lines for each of the look-up
tables; 5
b) repeatedly generating a sequence of
look-up table data, said sequence having a
length equal to the largest prime number
less than the number of address lines for
each of the look-up tables, and each piece 10
of data in said sequence being individually
unique;
c) storing said sequence of look-up table
data in a memory;
d) loading in sequence a first of said look- 15
up tables from its first address line to its
last address line with the sequence of lock-
up table data; said sequence of look-up
table data repeating for those address lines
greater than the prime number and less 20
than or equal to the number of address
lines in the look-up table;
e) loading the next of said look-up tables
from its first address line to its last address
line with the repeating sequence of data, 25
said first address line of the second look-up
table receiving the next piece of data in the
sequence data not loaded into the previous
look-up table;
f) repeating step (e) for all of said plurality 3o
of look-up tables;
g) generating a count pattern to address in
order each of said address lines of each of
said look-up tables and providing the con-
tents thereof as a series of outputs; and 35
h) comparing said series of outputs with the
stored sequence of look-up table data to
determine the coincidence of said series of
outputs and the stored sequence of look-up
table data. 40

45

50

55
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